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Abstract

Introduction: In the context of bone regeneration,
bone defects still represent a major challenge in oral and
maxillofacial clinical and surgical treatment. The
biomimetic design of biomaterials by simulating the
natural structure and composition of bone tissue has
gradually become a point of research interest due to its
advantages of simplicity and efficiency. Objective: It
was to carry out a systematic review on cellular and
molecular processes, as well as to present the main
clinical approaches of bone regeneration for dental
implants. Methods: The present study followed a
systematic review model, following the rules of
systematic review - PRISMA. The search strategy was
performed in the PubMed, Cochrane Library, Web of
Science and Scopus, and Google Scholar databases. The
quality of the studies was based on the GRADE
instrument and the risk of bias was analyzed according
to the Cochrane instrument. Results: A total of 142
articles were found. A total of 84 articles were fully
evaluated and 33 were included in this study. Literary
findings have shown that the lack of bone in the alveolar
ridges has been a major problem in functional aesthetic
recovery in patients who have suffered dentoalveolar
trauma. The osteoinduction process is influenced by
several factors, requiring the presence of inducers,
which include B-glycerolphosphate, ascorbic acid, and
dexamethasone. Mesenchymal stem cells acquire the
morphology and components of osteoblastic
membranes and begin to express alkaline phosphatase
to deposit extracellular matrix rich in calcium and certain
proteins, such as osteopontin and osteocalcin. The Bio
Oss® (Geistlich) biomaterial, because it s
biodegradable, biocompatible, non-toxic, and has low
immunogenicity and bio stimulators, can act in the
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regeneration of bone tissue. Application of FRP and
implant placement provides stable clinical results for
severely atrophic maxilla 2-4 mm. Bovine xenograft
alone and in combination with liquid FRP are both
successful in achieving bone augmentation around
implants and produce a small change in marginal bone
level and a high implant survival rate after loading.
Conclusion: Through the results of the present study,
it was evidenced that the success of the dental implant
is directly related to successful osseointegration.

Keywords: Bone regeneration. Molecular and cellular
processes. Osseous integration. Dental implants.

Introduction

In the context of bone regeneration, bone defects
still represent a major challenge in oral and maxillofacial
clinical and surgical treatment. The regeneration of this
tissue based on tissue engineering technology has a
good prospect of clinical application with the use of
scaffolds. In this sense, the biomimetic design of
biomaterials by simulating the natural structure and
composition of bone tissue has gradually become a
point of research interest due to its advantages of
simplicity and efficiency [1].

In this scenario, the maxillary sinus is the largest
of the paranasal sinuses and its function is to contribute
to the resonance of phonation and aid in the production
of mucus in the nasal cavity. It also acts in the
equalization of barometric pressures in the nasal cavity,
which is covered by a membrane called Schneider's
membrane. While the goblet cells produce the mucus,
these cilia generate movements that cause this mucus
to be directed towards the drainage site of the maxillary
sinus. In around 25% of all maxillary sinuses, there is
an accessory bone located in a lower portion than the

Page 1 of 7

o~
-
o
75]
N
&N
p)
=
o=
=
SN
(=]
<
<
<¢
wn
(=]
-
—
o
a



https://doi.org/10.54448/mdnt22S317

Vol 3 Suppl 3 Year 2022

MedNEXT Journal of Medical and Health

MedNEX

main ostium [2-5].

In this sense, when there is a loss of a dental
element in the posterior region of the maxilla, there is
natural resorption of the alveolar process and, at the
same time, pneumatization of the maxillary sinus
occurs. It will increase its volume towards the place
where the roots existed and this will often make it
difficult or impossible to restore implants in place. For
this reason, the maxillary sinus floor elevation
procedure should be performed, or short implants when
possible [3,4].

Thus, when graft procedures are required, the
focus is often on the type of biomaterial to be used and
the success and predictability of our results do not
depend only on the biomaterial. The morphology will
have an impact mainly because the defects have
different vascularization capacities, different osteogenic
cell recruitment capacities, different natural stabilization
capacities of grafts [4].

In addition, several surgical techniques can be
used to reconstruct the atrophic alveolar ridge,
techniques isolated or associated with autogenous,
allogeneic, xenogeneic grafts, and alloplastic
biomaterials. The autogenous bone graft is the only one
capable of presenting three important biological
properties  (osteogenesis,  osteoinduction, and
osteoconduction) guaranteeing a self-regenerative
potential. As a disadvantage to the autogenous bone
graft, the need for second surgical access in the donor
area stands out, resulting in longer surgical time,
morbidity, and a consequent greater resistance of the
patient to the proposed treatment [4].

Furthermore, alloplastic is synthetic, inorganic, and
biocompatible bone substitutes that function as defect
fillers to repair skeletal defects, depending on pore
diameter and porosity. Calcium phosphate cement and
their ceramic variants of B-tricalcium phosphate (B-TCP)
and biphasic calcium phosphates (hydroxyapatite (HA)
and B-TCP ceramics), calcium sulfate, bioactive glasses,
and bone substitutes based on polymers that include
polycaprolactone variants. The combination of calcium
sulfate and B-TCP provides better material handling.
The evidence is in favor of angiogenesis. One such
product, EthOss® Regeneration, Silsden, UK, won
several international awards as a commercial success
[6].

In this context, allogeneic, xenogeneic, and
alloplastic bone grafts present themselves as an
alternative for the treatment of bone deficiencies in the
jaws, since they avoid the need for second surgical
access, increasing osteoconduction and cell migration
(osteoinduction) [7,8]. Also in this context, platelet
concentrates have been proposed as regenerative
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materials in tissue regeneration procedures, such as
PRP (platelet-rich plasma) and FRP (fibrin-rich plasma)
that act as autogenous platelet aggregates with
osteoinductive properties. These biomaterials, due to
their low morbidity and possible regenerative potential,
have been indicated for use in combination with other
biomaterials [9].

Besides, the most used xenograft in guided bone
regeneration procedures is deproteinized bovine bone
mineral, commercially known as Bio-Oss®, it is the most
researched product in regenerative dentistry worldwide.
It is a bone of bovine origin processed to produce
natural bone minerals without organic elements [10].
Due to its great resemblance to human bone, Bio Oss®
is incorporated in the natural process of modeling and
remodeling. The highly porous structure of Bio Oss®
offers plenty of room for the formation of blood vessels
(angiogenesis) and the deposit of newly formed bone
(osteogenesis) [10,11].

Therefore, the present study aimed to carry out a
systematic review of cellular and molecular processes,
as well as to present the main clinical approaches of
bone regeneration for dental implants.

Methods
Study Design

The present study followed a systematic review
model, following the rules of systematic review -
PRISMA (Transparent reporting of systematic review
and meta-analysis, access available in:
http://www.prisma-statement.org/).

Data Sources

The search strategy was performed in the PubMed,
Cochrane Library, Web of Science and Scopus, and
Google Scholar databases. The present study was
carried out from January to March 2022.

Descriptors (MeSH Terms)

The main descriptors (MeSH Terms) used were
“Bone regeneration. Molecular and cellular processes.
Osseous integration. Dental implants’. For greater
specification, the description “bone regeneration” for
refinement was added during the searches, following
the rules of the word PICOS (Patient; Intervention;
Control; Outcomes; Study Design).

Selection of studies and risk of bias in each study

Two independent reviewers (1 and 2) performed
research and study selection. Data extraction was
performed by reviewer 1 and fully reviewed by reviewer
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2. A third investigator decided some conflicting points
and made the final decision to choose the articles. Only
studies reported in English were evaluated. The quality
of the studies was based on the GRADE instrument and
the risk of bias was analyzed according to the Cochrane
instrument.

Results
Article Series and Eligibility

A total of 142 articles were found. Initially, the
duplication of articles was excluded. After this process,
the abstracts were evaluated and a new exclusion was
performed, removing the articles that did not include
bone regeneration and dental implant. Articles that
presented low quality of scientific evidence according to
GRADE, as well as articles that showed research biases,
such as a low number of participants and dubious
results, were also excluded. A total of 84 articles were
fully evaluated and 33 were included in this study
(Figure 1).

Figure 1. Article selection (Systematic Review).

Articles on PubMed
(n =132)

Other databases
(n =10)

e Total = 142
e Findings - removal of duplicates (n = 122)

Excluded articles
(Bias Risk)
(n =38)

Full Articles analyzed
(n = 122)

Excluded articles
(non-GRADE adherent)
(n=51)

Selected articles
(n =84)

Studies included in the
qualitative analysis
(n =33)

Articles included
Systematic Review
(n=33)

Included ][ Selection ][ Variation ][ Identification ]

Literary findings have shown that the lack of bone
in the alveolar crests has been a major problem in
functional aesthetic recovery in patients who have
suffered dentoalveolar trauma, as well as traumatic
tooth extractions, congenital tooth absence, maxillary
and mandibular pathologies, in addition to infections
due to emotional and the possibility of deformity and
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also the economic impact they cause on the National
Health System [12,13].

Bone loss can also occur due to periodontal
disease, traumatic surgeries, or even for physiological
reasons due to lack of adequate or inadequate
prosthetic loading [14]. Trauma to the face can affect
both soft tissues (skin, muscles, nerves) and hard
tissues (bones, teeth), so these injuries can affect the
victim's quality of life and health [14].

Still, at the microscopic level, the bone structure
consists of osteoprogenitor cells, osteoblasts,
osteocytes, osteoclasts (remodeling cells), and a non-
mineralized extracellular matrix called osteoid,
composed of collagen type I and non-collagen proteins,
such as osteonectin, osteocalcin, bone morphogenetic
protein (BMP), glycosaminoglycans and bone
sialoproteins [15]. Osteoprogenitor cells are small
spindle cells found on all non-resorbable bone surfaces,
derived from primitive mesenchymal cells and form a
population and precursor cells that can differentiate into
more specialized cells, such as osteoblasts and
osteocytes [15].

Osteoblasts are responsible for the production of
bone matrix, rich in collagen (mainly type I) and
essential for subsequent mineralization, by the adhesion
of hydroxyapatite crystals of calcium, magnesium,
potassium, sodium, and carbonate in collagen fibrils
[16]. Osteoblasts are also rich in alkaline phosphatase,
which has a high value in periods of bone formation. The
osteoblast-mediated process of new bone formation is
called osteogenesis [15]. It is known that osteoblasts
bind directly to collagen through integrin-RDG (-Arg-Gly-
Asp-) interaction sites.

The osteoinduction process is influenced by several
factors, requiring the presence of inducers, which
include B-glycerolphosphate, ascorbic acid, and
dexamethasone. In the presence of these substances,
mesenchymal cells acquire the morphology and
components of osteoblastic membranes and begin to
express alkaline phosphatase, to deposit extracellular
matrix rich in calcium and certain proteins, such as
osteopontin and osteocalcin [16].

Organic phosphates, such as B-glycerolphosphate,
promote osteogenesis due to their role in mineralization
and modulation of osteoblast activity. Thus, free
phosphates can induce mRNA and protein expression,
exemplified by the osteopontin protein. If organic
phosphate, eg B-glycerol phosphate is present, the
formation of mineral content, hydroxyapatite, which is
formed between collagen fibers occurs. Other
compounds, such as phosphoric ascorbic acid, are also
used in osteogenic induction, in the involvement of
increased alkaline phosphatase activity, and the
promotion of osteocalcin and osteopontin production
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[16,17].

Bone morphogenetic proteins (BMP) function as
growth factors with a specific role in the proliferation
and differentiation of mesenchymal stem cells present
in the lesion niche [18]. BMP-4 is involved in the early
stages of osteogenesis; Furthermore, it was
demonstrated that the differentiation of human
mesenchymal stem cells in the osteogenic lineage
requires the presence of BMP-4 in the first days of
culture and that these cells after 21 days express
specific proteins of the osteogenic lineage, such as
osteonectin, osteocalcin, and osteopontin [18].

In this way, bioengineering and cell therapy work
together for Regenerative Medicine, favoring and
improving biological conditions to accelerate tissue
repair and regeneration and thus maintain tissue
homeostasis. This condition is maintained because the
necessary cellular elements, cellular proliferation,
differentiation factors, and supramolecular structures
are provided, which guarantees the functional
stereochemical organization of the generated tissues
and their systemic integration [17,19]. In this sense,
normal bone formation and tissue restoration involve
coordinated interaction between bone-forming cells and
biological signals. Osteoblasts can produce new bone
together with biomaterials and can initiate the release
of biological signals that guide the bone formation and
remodeling [12].

These biological signals attract bone-forming cells
to the receptor site. Growth factors and other proteins
are some biological signals that may be involved in bone
neoformation and tissue remodeling. In addition,
through chemotaxis, there is a migration of bone-
forming cells to the application area, as the stimulation
of cell migration occurs in response to chemical stimuli
[18].

Monocytes, macrophages, and endothelial cells
contribute to bone remodeling, either through contact
with osteogenic cells or through the release of soluble
factors such as cytokines and GF [19]. In the skeletal
system, TNF-a stimulates bone and cartilage resorption
and inhibits collagen and proteoglycan synthesis. IL-1
induces the expression of a wide variety of cytokines.
LIF and IL-6 are two such molecules that are known to
stimulate the differentiation of mesenchymal progenitor
cells into the osteoblastic lineage, they are also potent
anti-apoptotic agents of osteoblasts. In bone, the main
sources of IL-6 are osteoblasts and not osteoclasts.
Prostaglandin E2 (PGE2) is also directly related to the
expression of the cytokine IL-6 [18].

Also, FRP contributes positively with several
cytokines and other growth factors to the bone
formation process, acting as a catalyst [20-22]. The
most critical phase of the sinus membrane elevation

MedNEXT J Med Health Sci (2022)

procedure after osteotomy of the lateral wall of the
maxillary sinus is its detachment [23]. At this stage,
Schneider's membrane ruptures may occur, around
15.0% of the cases, which, depending on the size of the
perforation, may make the graft unfeasible, mainly due
to the containment character of the graft material that
the membrane exerts [24-26].

Thus, tissue engineering is a tool that allows,
through the creation of an adequate biological niche, the
construction, and regeneration of many tissues and
organs. For this, xenografts, autografts, and allografts
are used, with and without the use of cells [27,28].
Thus, the Bio Oss® (Geistlich) biomaterial, as it is
biodegradable, biocompatible, non-toxic, and has low
immunogenicity and bio stimulators, can act in the
regeneration of bone tissue, as it establishes with the
adenomatous mesenchymal stem cells the appropriate
biological niche (favorable microenvironment) for bone
growth [28].

In this context, a study of 60 patients clinically and
histologically investigated the potential use of FRP
associated with Bio-Oss® deproteinized bovine bone for
sinus grafting with severe maxillary atrophy compared
to a control group with Bio-Oss® alone. Thus, the use
of FRP, together with the "piezosurgery" technique,
reduced the healing time to before 150 days, as
described in the literature, favoring bone regeneration.
Thus, in 106 days it was already possible to obtain good
primary stability of the endosteal implants [29].

Another study with 82 patients analyzed the
biomechanical stability of the increased sites in the
maxillary bone when using a new class of moldable
biomaterials with self-leveling calcium phosphate, with
and without the addition of FRP in the subperiosteal,
also with the use of "piezosurgery". ". There were
significant  improvements, with almost double
mechanical stability, with the addition of FRP [30].

A retrospective study of 16 patients evaluated the
short-term performance of modified maxillary sinus
osteotomy with an application of FRP compared with
placement of a short implant in cases with a residual
bone height of 2-4 mm. All implants were stable, with a
survival rate of 100.0%. Six-month follow-up showed a
significant reduction in alveolar bone height (2.90 %
0.22 mm), with p < 0.05, without the use of FRP.
Furthermore, after the second six-month follow-up,
there was even more bone resorption (0.14 £ 0.11 mm)
(p < 0.05). Therefore, with the application of FRP and
placement of implants, stable clinical results were
obtained for severely atrophic maxilla with 2-4 mm [31].

Also, another study with 50 patients, aged between
36 and 69 years, evaluated changes in alveolar bone
height, using radiographic examination and Straumann
implant, with survival rate after maxillary height
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increase and sinus elevation with autogenous bone in
combination. with venous blood platelet-rich plasma
(VS), with n=25 for each group. Panoramic radiographs
were taken preoperatively, immediately, at 6 months
and 1 year postoperatively. The results showed a
difference in the mean values of bone height between
the groups, with p = 0.001. Thus, significant differences
were also observed between the '"immediate",
"postoperative" and "six months" phases, p<0.01, for
the use of FRP. In the SV group, there were also
significant differences (p=0.0280) between
"postoperative”, "immediate" and "six months".
Therefore, both groups showed a reasonable increase in
alveolar bone height after sinus augmentation, with no
significant difference. However, within one year
postoperatively, the FRP group had a significant
difference compared to the SV group, with more
predominant results [32].

Besides, a randomized controlled clinical study
evaluated in patients with horizontal bone deficiency in
the posterior regions of the mandible the success of
augmentation after guided bone regeneration (GBR)
performed simultaneously with implant placement using
xenograft of bovine origin alone and in combination with
rich liquid fibrin. in platelets (liquid-FRP). To assess the
change in augmentation thickness, the primary outcome
of the study, cone-beam computed tomography was
performed at the implant sites after completion and 6
months after surgery. Secondary outcomes were
marginal bone level and implant survival rate at
prosthesis delivery and at 6-month, 1-year, and 2-year
follow-up after loading. Twenty patients with 50
implants were analyzed for the test group and 20
patients with 48 implants for the control group. At 6
months postoperatively, the mean values of thickness of
increase were 1.63 = 0.21 mm, 2.59 + 0.34 mm and
3.11 £ 0.36 mm for the test group and 1.34 + 0.14 mm,
2.49 £ 0.24 mm and 2.97 £+ 0.24 mm for the control
group at 2 mm, 4 mm and 6 mm below the implant
shoulder (p<0.001, p = 0.007 ep = 0.036, respectively).
Mean marginal bone loss was less than 1 mm for both
study groups during the 2-year follow-up after
prosthetic loading. The implant survival rate was 100%
for both study groups. Therefore, bovine xenograft
alone and in combination with liquid FRP are both
successful in achieving bone augmentation around
implants and produce a small change in marginal bone
level and a high implant survival rate after loading [33].

Conclusion

Through the results of the present study, it was
evidenced that the success of the dental implant is
directly related to osseointegration. However, this is a

complex process with many factors interfering with the
formation and maintenance of bone tissue around the
implant. In addition, a healthy, compatible host bone
layer that allows primary stability is required. It is
essential that the dentist master the knowledge in the
healing process of post-extraction sockets, in order to
provide correct planning of the cases. Thus, the
development of bone regeneration improves the
epithelial barriers for the bone graft, favoring greater
predictability in alveolar  and peri-implant
reconstructions and presenting a good prognosis. The
optimized processes of implantology and biomaterials
allow the installation of implants in areas of low bone
thickness, width, and height, with simpler surgeries and
with a higher rate of success and patient comfort.
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